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ABSTRACT 


Vapor  -1  i  quit!  equilibria  data  art?  presented  *  or 
hy'droerdori  c  acid  solutions  ranging  in  nc*.v.  na)  MCI  mol 
fraction  from  0110  to  0.225,  saturated  with  CaCl^,  ai 
solution  temperatures  between  0  and  -4f>C.  Total  presai 
were  measured  by  capacitance  gauges,  vapor  ccmoasi tier 
direct  vapor— phase  sampling  into  a  quadr  upoie  mast  -f  j  1 
and  liquid  compos  i  tiens  by  electri  r.  canouct  i  vi  ty.  The 
of  CaC-1  s»  to  hydrochlcrir  acid  breads  the  areot  rope  ant 
general  y  increase's,  the;  vapor  p*  essures  o'-  HTi  and  w««J 
Sci  ut-i  1  i  ty  and  solution  den  si  ti  es  have  *u  so  trit 
■solution  compositions  have  not  been  corny  1  air  d  tc  date 
the  inter  pretation  o-f  the'  results  to  some  extent .  The' 
presently  being  clone.  It  is  probable  that  the  af f per  i 
CaCl  a  on  1  he  formation  of  secondary  smoke  ir  a.  rotiice< 
smoke  rot  kt-L  plume  ha?:  less  pr  ef  *ect  then  r  1  - 
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INTRODUCTION 


The  vapor  prwssurfe?  of  liydr  Del  *3  or ic  acid  solutions  ere 
iw-jortant  to  the  r„c  d“j  I  j  ng  of  Frccnce:  y  smote  i  r.  rs-i*.  ».  eC 
smote  ammonium  perchlorate  solid  propellant,  rochet  plumes-., 
ref  1,  since  the  growth  of  secondary  on.oie  droplets  ir 
dependent  on  their  eqai 1  i  br  i urn  behavior.  In  addition*  the 
behavior  of  strong  el  ec.i  r  el  /he-  in  cqueoue  so1  otic-. 
fundamental  thc-oret ..  ca.2  i  nteree-t .  3  nor  oani  c  salts  di  esoi  ved 

i  i  *  hydr  c-rhj  ori  c  eric  w; rj.-.j  fiennt*  >•  rrnif.  i  - •  .-oui  1  L'”  , 

L'iTia  .'i  or  doc  t  >-  their  c-  +  ec  t  >  -i  •  i  c  act  4  vi  t  .  •  ::  c>t  <  hr-  Hi” 

* ' r-  war  c  r  i  n  f  he  J  i  quj  :■  p-  .  r  e  -  ■  -  .  ■ . a  r  e  .-v  ]  y  .  r .q  e '  ■  a  . c 

i  the  sc  3  u.i  •  on  var  »  "  o>  ;->?  ur  a  ite-i  e  it-.,:-  .  ate  of  f  or  mat  ••  •'  r> 
and  the  chemic  al  roT-posi  f  i  on  of  the  secondary  Mic-iiy  r  e-* 

3*  4,  The  major  contami  nents  f  ound  in  ammoni  on;  pe  ch:  or  at  e 
ate  sod:  urn  and  potassium  sal  t  3 1  •  addi  3.  ion.  \  r  ;  ecl  c<  urn 
phosphate  added  to  ammonium  p«  ch!  c"  ate  *  o»*  ease  in  pro:  t.  •.  si 
provides  a  major  source  of  soluble  e i octroi yte .  All  these 
cat  i  on  s.  are  found  in  t  he  rochet  pi. .ire  in  saH  in  it  quantify 
to  nucleate  the  secondary  smote  droplets,  and  to  subsequent  1 
dissolve  and  influence  the  dynamics  of  growth  and  the  cher.i «.. 
composition  of  the  smote,  ref  5.  If  Iron  end  copper  c ombusti 
modifiers  are  avoided,  none  t>f  the  others  common  3  y  added  to 
P r  op c-  L 1  a nt  'a  will  pr  od u c e  s a  1  t.  s  s o »  u b  1 1?  e nou g h  t  o  e-‘  .-  c c  t 
significant  changes  an  the  behavior  of  the  hydrochloric 

i  d  smote  droplets-  The  original  choices  c.f  Malt:  Cv  "  1  ... 

as  the  salts  for  study  were  based  on  three-  cons:  derat  i  c-<  •? 
as  well  as  for  their  o’  i  f  f  c-r  encss  j  n  ’  on ,  c  strenth.  A  vt  ; 
j  i  mi  *  v  r  f  uc  y  of  !X  I  was  *■.- .ibsequent  1  y  adr.f  ;i  f  c  r  rr.f.  i  dr  .  "  t :  c: 
but  t  i  n>-i  tu  u  riot  permit,  actual  ex  per  i  merit*  1  measur  aments 
t>e  made. 

Friar  to  the  measurements  made  by  the  pnncipc.1 
investigator  under  sponsor sh:  p  r<+  AFOSF',  no  vapor  preosu'-e 
data  were  available  j  nr  either  pure  hydrochloric  acid  or  f  or 
hydrochloric  acid  containing  dissolved  NaC)  or  uaCi=  for 
temperatures  below  OC,  the  temperatures  of  primary  interest 
for  secondary  smote  formation.  Data  exist  for  these-  solution 
either  primary  vapor  pressure  or-  activities  from  which  the 
vapor  pressure  may'  be  predicted,  only  for  temperatures  at. 
or  above  OC.  The  low  temperature  vapor— liquid  equilibria 
measurements  for  the  pure  hydrochloric  acid  and  for  solution 
containing  NaCl  have  been  completed  and  are  published  in 
refs  t  and  7.  The  experimental  vapor-liquid  equilibria  of 
CaCla-HCl-NaO  solutions  for  nominal  temperatures  from  0  to 
-40C  a^e  given  in  the  present  report  completing  the  study 
of  the  pure  and  salted  hydrochloric  acid  solutions. 


EXPERIMENTAL 


As  snown  schema c i cal )  t  in  Figure  1.  e  2-’.  :•  ter  P./rv." 

*  1  ask  as  i mmersed  in  a  methylene  cnior  iriv  r,  Cutiei  «.  .  « 
two-stage  mechanical  reirigera*  ion  system.  7-  r  te.T.pr- ?  t 
o'  tne  bath  is  maintained  within  +»J.  it .  me ns  tor  «-r-  b  ,  a 
calibrated  platinum  resistance  thermometer  .  Remc  v&l  of  air 
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7: i  ter  per  sec.  Vat.  i  on  pump  .  The  exp  f*:*i  n.-’-d.  c  <  procraTi. 
tor  deter  ms  ning  the  r  el  c-t;  vr  se.  i  t  •  v  ?  t  y  c  <  the  ft  ass  ■>  *  1 i  er 
to  water  and  HC1  as  a  -function  of  compos*  t  ion,  end  the 
details  of  operation  of  the-  equipment  for  the  va.f.ui — 1  *  qua  c: 
equilibrium  measurements  are  given  in  ref  6. 


RESULTS  %  DISCUSSION 


Liquid  phase  analyses  have  not  been  completed  at  this 
date  and  therefore  the  acid  compositions  given  are  nominal 
salt-free  mo)  fractions  and  the  salt  concentrations  are 
noted  only  as  being  "saturated”.  Total  pressure,  P,  partial 
pressures  of  HC1  and  wate-,  Phci  and  pM=*o  respectively,  as 


-3 


e  function  of  salt-free  mol  fraction  of  HCl  ,  XMCi ,  and 
solution  temperature,  T,  for  solutions  saturated  with  CaClz 
are  given  in  Figures  2,  3,  arid  4  respectively.  It  may  be 
noted  from  Figure  2  that  the  minimum  pressure  araotropt 
observed  foe  both  the  pur  a  hydroci.lor  3  c  acid  and  for 
hydroc h ; or i c  at i n  tontain: eg  dissolved  NaCl  dots  not  or cur 
foi  the  C-aCl  se-HCl  -water  system.  This  is  expected  since 
CaCla.  is  esfeii  commercially  to  break  the  areotrupe  for  t re¬ 
production  cf  concentrated  hydrochloric  acid,  thong  wi th 
the  di  sa.rgee*~f  nr  e  of  the  arootrcpe  there-  is  cbser  ved  a 
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higher  than  these  fc-e  pure  bydr  ochl  one  arici  or  -for  acid  in 
which  Nad  is  cn  ssol  -red.  Aod  •  t  •-  or.a-j  J  y.  it.  may  t>e  seen  in 
Figure  7  tr  at.  the*  partial  pressure  of  HC!  increases  mar  redly 
...  n  the  s  ii  i_:  <mc»  i-  anye,  HCi  aput  m-1  fractions  being  >0. 92. 
the  MCI  partial  pressures  are--  also  at  1  east  a  -  order  of 
magni  tout-  higher  than  those-  of  pure  and  Natl  -nyd^och)  or  it 
acid  solutions  in  this  range  of  X.MUi  values.  Figure  4 
illustrates  the  variation  of  the  water  vapor  pressure  with 
temper  store  and  XMc-.»  .  The  water  vapor  pressures  in  the  XMcn 
range  0.12s*  to  o.  3  47  appear  to  be  higher  than  those  for 
pure  or  NailJ  -liydrochl  or  xc  acid  solutions.  It  may  be  no  eJ 
also  that  the  CaCl  »  solution  at.  XMC,  "  0.147  freezes  at  a 
higher  tempe»  ature  than  either  the  pure  or  NaCl -saturated 
hydrorhl  nricr  acid  sc)  ut  5  oris.  F  art  her  interpretation  of  the 
vapor  -  1  j  qui  r  esul  te  and  reporting  c»f  the  CaC-1  *  sol  ub: i  i.  ■. 
in  hytir  ot.  hi  or  i  c  acid  as  a  f  uoc  t  i  cn  o-f  aci  c!  concentration 
and  temper at ur  e  await,  compl  eti  or.  of  the  solution  analysts. 

Based  cn  related  computations:  repeated  in  ref  5,  it 
appears  from  these  data  that  CaCls  present  in  the  reduced 
smoke  rocket  plume  will  not  cause  as  serious  an  effect  or 
the  formation  of  secondary  smoke  as  would  Nafl  and  probably 
KC1 .  Confirmation  of  this  conclusion  must  await  completion 
of  the  solution  analyses  and  secondary  smoke  prediction 
computations  for  atmospheric  and  flight  conditions  of  interest. 


FUTURE  PLANS 


Although  the  contractual  period  of  the  grant  has  expired 
and  the  funds  expended,  the  solution  analyses  presently 


a 
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underway  for  the  hydrochl ori c  acid  and  CaCla  will  be  completed 
and  made  available  to  AFOSP  at  no  additional  cost  to  AFQSR. 
Subsequently,  a  manuscript  summarizing  the  results  of  the 
study  of  the  CaCl a -HC1 -water  system  will  be  submitted  to  an 
archive  journal  for  publication. 
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